Variational iteration method is introduced to solve two-point boundary value problem for a second order fuzzy differential equation under generalized Hukuhara differentiability. To illustrate the ability and reliability of the method, some examples are given, revealing its effectiveness and simplicity.
Introduction
It is well known that the fuzzy set theory is a powerful tool for modeling uncertain problems. Therefore, large varieties of natural phenomena have been modeled using fuzzy concepts. Particulary, boundary value problem (BVP) is an importance model in scientific research. The starting point of the topic in set valued differential equation and also fuzzy differential equation is Hukuharas paper [12] . Subsequently, The strongly generalized differentiability was introduced in [5] . Apparently the disadvantage of strongly generalized differentiability of a function in comparison Hdifferentiability is that, a fuzzy differential equation has no unique solution [5] . In this way, the generalized Hukuhara differentiability was introduced in [22] and further studies can be found in Refs. [2, 3, 6] . Recently, some paper [6, 15, 20] are investigated the equivalence between a fuzzy two-point boundary value problem and a fuzzy integral equation by using Green's function. Ref. [18] is devoted to the existence of solutions of the fuzzy boundary value problem considered by applying the Banach and the Tarski fixed point theorems under continuity and Lipschitz conditions. A. Khastan and J.J. Nieto [14] interpret a two-point boundary value problem for a second order fuzzy differential equation by using a generalized differentiability. Also they present a new concept of solutions by generalized differentiability concept and, investigate the problem for finding new solutions. The shooting method is used for solving the fuzzy boundary value differential equations of the second order under generalized differentiability in [13] . Rodrìguez-Lòpez [21] gave sufficient conditions which guarantee the existence of solutions to periodic boundary value problems for first order linear fuzzy differential equations by using generalized differentiability and switching points. See [17] for calculating the exact solution for a class of boundary value problems for first order linear fuzzy differential equations with impulses under Hukuhara differentiability, by finding Green's function. In this paper, we applied variational iteration method for solving two-point boundary value problem for a second order fuzzy differential equation. The variational iteration method (VIM) was first proposed by He [10, 11] and has been proved by many authors to be a powerful mathematical tool for linear and nonlinear problems [1, 16, 19] .
The rest of this paper is organized as follows. In Section 2, we recall some basic concepts and results and then, in Section 3, the variational iteration method is briefly described. In Section 4, two example are solved to appraise the accuracy of the technique. Finally, we conclude the paper in Section 5.
Preliminaries
In this section, we give some definitions and introduce the necessary notation which will be used throughout the paper.
Basic fuzzy concepts
Let R F be the class of fuzzy subsets in R, that is, functions u :
is compact, where cl denotes the closure of a subset.
Then R F is called the space of fuzzy numbers. Obviously,
For arbitrary u, v ∈ R F and k ∈ R, the addition and scalar multiplication are defined by
A triangular fuzzy number is defined as a fuzzy set in R F , that is specified by an The metric structure is given by the Hausdorff distance D :
is a complete metric space [8] and the following properties of the metric D are valid:
then w is called the Hukuhara difference of u and v, and it is denoted by u ⊖ v.
Definition 2.2. [7] . The generalized Hukuhara difference of two fuzzy number u, v ∈ R F is defined as follows
International Scientific Publications and Consulting Services Definition 2.3. [7] . The generalized Hukuhara derivative of a fuzzy-valued function f :
We say that f is fuzzy continuous on [a, b] if f is continuous at each t 0 ∈ [a, b] such that the continuity is one-sided at endpoints a, b.

Two-point fuzzy boundary value problem
We consider the two-point boundary value problem which is as follows:
subject to the boundary conditions
where y(t) is an unknown fuzzy function of crisp variable t, f : 
y) ′′ (t; r) = f (t, y(t; r), y ′ ii.gH (t; r)) (y) ′′ (t; r) = f (t, y(t; r), y ′
ii.gH (t; r)) y(0; r) = ϕ 1 r , y(0; r) = ϕ 1 r y(T ; r) = ϕ 2 r , y(T ; r) = ϕ 2 r
In the next section, the concept of variational iteration method is briefly introduced for a system of boundary value problems.
Variational iteration method
Consider the following general non-linear initial value problem
where L is a linear operator, N is a nonlinear operator and g(x) is a known analytical function. The basic character of the method is to construct a correction functional for the Eq.(3.7), which reads
where λ is a general Lagrange multiplier which can be identified optimally via the variation theory, y n is the nth approximate solution, and the function y n is restricted variation [9] ,i.e.δ y n = 0. Now, consider the following system of second order boundary value problems
where Y (t) = (y 1 , y 2 , ..., y n ) T in which y i , i = 1, 2, ..., n are unknown real functions of variable t, F : J × R n × R n is nonlinear continuous function of t,Y (t),Y ′ (t), and Φ 1 , Φ 2 are two given vector in R n . According to the variational iteration method, the correction functional is given by
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Calculating variation with respect to Y n , we have the following stationary conditions
The Lagrange multiplier, therefore, can be identified as Λ = s − t. Substituting the identified multiplier into Eq.(3.9), the following iteration formula for computing Y n is obtained:
Examples
In this section we shall illustrate the described method by two examples. Our strategy for solving examples is similar to [14] , we choose the derivative type of solution and translate boundary value problem to the corresponding system, and then the variational iteration method is applied for solving BVP system. 
First, we will approximate the (i, i)-solution of (4.11) by variational iteration method. To do this, we have the following iteration formulae
Assuming that its approximate solution has the form y 0 (t; r) = At, y 0 (t; r) = Bt where A and B are constants to be determined, we obtain
with the boundary conditions at x = 0 and x = 1, we find that A = 
is exact (i, i)-solution of problem (4.11) . Now, we approximate (i, ii)-solution by y n+1 (t; r) = y n (t; r) +
12)
we start with the initial solution y 0 (t; r) = [At, Bt] where A, B are constants that will be determined by using the given boundary conditions. Using iteration formula (4.12) gives
By boundary conditions we have A = 
which is the exact (i, ii)-solution of problem (4.11) . 
To approximate (i, i)-solution, we construct the following variational iteration formula:
By the iteration formula (4.13) and taking t = 0.1, the numerical results are shown in Table 1 . The exact and approximate solutions are compared and plotted in Figure 1 . For (i, ii)-solution,the exact solution can be easily determined to be
According (3.10), we have the following iteration formula y n+1 (t; r) = y n (t; r) +
14)
y n+1 (t; r) = y n (t; r) +
By iteration formula (4.14) , we obtain y 1 (t; r) for t = 0. 
Conclusion
In this paper, the VIM is applied for solving the two-point boundary value problem for a second order fuzzy differential equation by using generalized Hukuhara differentiability concept. First we choose type of differentiability of solution and convert it to a system of boundary value problem. Then we use VIM and find the approximate solution of this system and hence obtain an approximation for fuzzy solution of the two-point boundary value problem for a second order fuzzy differential equation. Comparisons with the exact solution reveal that VIM is very effective and convenient for this set of equations.
